We construct a (noncentral) extension of current algebras and study the adjoint action induced by the current group.
Introduction
Let us consider the affine Kac-Moody algebra [5] associated to a finite-dimensional linear reductive Lie algebra g,
where g = C[t, t~ ] ®c g. g is a central extension of g and the bracket is defined as follows (u,v eg;X,p,Xx,pxeC): (2) [t ®u®Xc®pd,t ' ®v ®Xxc®pxd]A = (t + ' <8>[u,v] + pkxt ' ®v -pxkt ®u)®kôk _k (u\v)c.
There is a nondegenerate invariant symmetric bilinear form (-|-) on g defined by:
(tk®u\tkl®v)A = ok_k¡(u\v) (3) (c\d)A = (d\c)A = 1 others are zero.
for every u,veg and k,kxeZ. The group G = C[t,t~x]®G acts on g by automorphisms [6, 2] as follows:
(Adg)(u(t)) = gug~x(t) + Res0tr(Mg_1 g')c (4) (Adg)c = c (Adg)d = -tg'g-l-^R<:s0tTt(g'g-l)2c + d, for every g e G and u e g ; this action preserves the bilinear form (-|-)A . Here g is the algebra of finite Laurent polynomial maps. By a change of variable i ft t = e , each Laurent polynomial map can be realized as a smooth map from S to g. This means that we have an injection from the algebra of Laurent polynomial maps into the loop algebra, the algebra of all smooth maps from Sl to g. Since our main interest is the latter, we will keep the notation g for the loop algebra unless otherwise specified. More generally the Lie algebra g(M) of all smooth maps from an arbitrary manifold M to g is known as the current algebra [3, 1] .
In this paper, we consider a (noncentral) extension of the current algebra and study the automorphisms on the extended algebra induced by the current group. The paper is organized as follows. In §2, inspired by [4] , we define an extension g(M) of the current algebra. In §3, we introduce a bilinear form on g(M) which is shown to be invariant and nondegenerate. In §4, we prove a useful lemma. In §5, we study the adjoint action of the current group on g(M) by automorphisms preserving the bilinear form. We find out that this can be done only when dim M < 2. Finally, in §6, we show the previous results generalize the loop algebra case (formulas (2) to (4)) when we take M = S .
Extension of current algebras
Let G be a reductive Lie group and g its Lie algebra. There is a nondegenerate symmetric bilinear invariant form (•!•) on g. Suppose M is a compact, closed, orientable manifold with a normalized volume form Q. Let g be the set of all C°° maps x : M -* g. g is the Lie algebra of the infinite-dimensional Lie group G of all C°° maps g: G -► M. It is called the current algebra. We now construct a (noncentral) extension of g : 
Automorphisms of g
We now investigate how to define the adjoint action of G on the extended current algebra g so that the bilinear form (-|-)A is preserved. That is to say, for each g e G,x e g and X e d we have to find a(g,X) e g and Ç(g,x),n(g,X) e A (M) such that the action Adg on g defined by (Adg)x = (Adg)tx + c;(g,x) (26) (Adg)a = a (Adg)X = a(g,X) + n(g,X) + X is an automorphism which preserves (>|-)A ; here (Adg)" is the pointwise adjoint action of G on g. Proceeding as in (32), we can choose (36) n(g,X) = -\(ixg*to\g*co).
We summarize in the following. In order to keep the proof to a reasonable size, routine calculations will be omitted.
Proof. From the construction of Adg, it is easy to see that it preserves the bilinear form (-|-)A . That Adg preserves the bracket of x and a, X and a, a and ß is also straightforward. Next, we calculate We now take M = S parametrized by e . Its normalized volume form is Í2 -dd/2n . In this case, g is the loop algebra, c = Hx (Sx, C) is a onedimensional vector space generated by the element c = idd; every one form a is represented by ((l/2ni)fsl a)c. d is also one dimensional, generated by d = (l/i)(d/d6).
Then the commutation relations (8) to (13) become 
